Parton distributions in the virtual photon target are investigated in perturbative QCD up to the next-to-next-to-leading order (NNLO). In the case Λ 2 P 2 Q 2 , where ;Q 2 (;P 2 ) is the mass squared of the probe (target) photon, parton distributions are predicted completely up to the NNLO, but they are factorization-scheme-dependent. We analyze parton distributions in two different factorization schemes, namely MS and DIS γ schemes, and discuss their scheme dependence. We show that the factorization-scheme dependence is characterized by the large-x behaviors of quark distributions in the virtual photon. Gluon distribution is predicted to be very small in absolute value except in the small-x region.
Introduction
In the previous talk (see this Proceedings), Uematsu presented our analysis on the structure functions of the virtual photon in perturbative QCD (pQCD) up to the next-to-next-to-leading order (NNLO) [1] . The structure functions F γ 2 and F γ L were studied in the kinematical region, Λ 2 P 2 Q 2 , where ;Q 2 (;P 2 ) is the mass squared of the probe (target) photon and Λ is the QCD scale parameter. The advantage in studying the virtual photon target in this kinematical region is that we can predict the whole structure functions, their shape and magnitude, by the perturbative method in QCD. In fact, using the recent calculation results of the three-loop anomalous dimensions for the quark and gluon operators and of the three-loop photon-quark and photon-gluon splitting functions [2] , we could make a definite prediction for the virtual photon structure function F γ 2 (x Q 2 P 2 ) up to the NNLO in pQCD. In parton picture, structure functions are expressed as convolutions of the parton distributions in the target and the coefficient functions. Thus, in kinematical region Λ 2 P 2 Q 2 , a definite prediction is also possible for the parton distribution functions in the virtual photon in pQCD. However, it is well known that parton distributions obtained from the next-to-leading order (NLO) (and also the NNLO) analyses are dependent on the factorization scheme employed. It is possible that parton distributions obtained in one factorization scheme may be more appropriate to use than those in other schemes. In this talk I report our analysis on the parton distributions in the target photon. The parton distributions of the flavor singlet and non-singlet quarks and gluon are investigated up to the NNLO in two factorization schemes, namely MS and DIS γ schemes.
QCD improved parton model
be the flavor singlet-, non-singletquark, gluon, and photon distribution functions, respectively, in the unpolarized virtual photon with mass ;P 2 . In the leading order of the electromagnetic coupling constant, α = e 2 =4π , Γ γ does not evolve with Q 2 and is set to be Γ γ (x Q 2 P 2 ) = δ (1 ;x) . Introducing a row vector
, the parton distribution functions in the virtual photon satisfy the DGLAP evolution equations which, in space of the Mellin moments, are given in a compact matrix form as
where the row vector k k k(n Q 2 ) = ( k S k G k NS ) represents the splitting functions from photon into quark and gluon, while the 3 3 matrix P(n Q 2 ) expresses the splitting functions of quark and gluon. Henceforth we omit the obvious n-dependence for simplicity. We expand the splitting functions k k k(Q 2 ) and P(Q 2 ) in powers of the QCD coupling α s (Q 2 ) as
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Then, introducing t instead of Q 2 as the evolution variable [3] , t
, we find thatγ (t)(=γ (n Q 2 P 2 )) satisfies the following inhomogenious differential equation:
;
where we have used the fact that α s (Q 2 ) satisfies
(4π) 3 . We look for the solutionγ (t) in the following form:
where the first, second and third terms represent the solution in the LO, NLO and NNLO. The initial conditions forγ(0) ,γ(1) andγ(2) are obtained as follows: For ;p 2 = P 2 Λ 2 , the photon matrix elements of the hadronic operators O i n (i = S G NS, corresponding to the parton distributions, q γ S G γ q γ NS , respectively) can be calculated perturbatively. Renormalizing at μ 2 = P 2 , we obtain at the two-loop level
The A i (1) n and A i (2) n terms represent the operator mixing between the hadronic operators and photon operators in the NLO and NNLO, respectively, and the operator mixing implies that there exist parton distributions in the photon. Thus we have, at μ 2 = P 2 (or at t = 0),
where A A A
with l = 1 2. Actually, quark distributions emerge, at μ 2 = P 2 , in the order α and gluon distribution first appears in the order αα s .
With these initial conditions (2.7), we solve Eq.(2.4). The solution, which are expressed in terms ofγ(0) (t),γ(1) (t) andγ(2) (t), will be reported elsewhere [4] .
Parton distributions in MS and DIS γ schemes
The structure functions are expressed as convolutions of the parton distributions and the coefficient functions. Thus the Mellin moments of the structure function F γ 2 are written as
where e
2 is a physical quantity and thus is unique, there remains a freedom in the factorization of F e
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(i) The MS scheme This is the only scheme in which the quantities k k k (1) , k k k (2) , P (1) , P (2) , β 1 and β 2 appearing in Eq.(2.4) were actually calculated. When these quantities are used for the solution of Eq. (2.4) , we obtain the parton distributions in MS scheme. In Fig.1 we plot (a) the singlet quark distribution xq
2 , P 2 = 3GeV 2 , and Λ = 200MeV. We see that both the (LO+NLO) and (LO+NLO+NNLO) curves show the similar behaviors in almost whole x region, which means that the NNLO contribution is small. The behaviors of these two curves, however, are quite different from the LO curve. They lie below the LO curve for 0:2 < x < 0:8, but diverge as x ! 1. Compared with the quark distribution, the gluon distribution xG γ j MS is very small in absolute value except in the small-x region. Concerning the non-singlet quark distribution q NS (x Q 2 P 2 ), we find that when we take into account the charge factors, such as he 2 i = ∑ i e 2 
(ii) The DIS γ scheme An interesting factorization scheme, which is called DIS γ , was introduced some time ago into the NLO analysis of the real photon structure function F γ 2 (x Q 2 ). Glück, Reya and Vogt [5] observed that, in the MS scheme, the ln(1 ;x) term in the photonic coefficient function C
which becomes negative and divergent for x ! 1, drives F γ 2 to negative values as x ! 1, leading to a strong difference between the LO and the NLO results for F γ 2 in the large-x region. They introduced the DIS γ scheme in which the photonic coefficient function C γ 2 is absorbed into the quark distributions. We analyzed the parton distributions of the virtual photon in the DIS γ scheme up to the NNLO. The details will be reported elsewhere [4] . In Fig.2 (a) we show the result of the singlet quark distribution xq
2 , P 2 = 3GeV 2 , and
The three curves (LO, LO+NLO, LO+NLO+NNLO) rather overlap below x = 0:6. But absorbing the photonic coefficient function C γ 2 into the quark distributions in the DIS γ scheme has much effect on their large-x behaviors: Unlike the MS scheme, the (LO+NLO) curve goes under the LO one at x 0:6 and the difference between the two grows as x !1. Adding the NNLO contribution makes the difference bigger at large x except near x = 1. At very close to x = 1 the (LO+NLO+NNLO) curve shows a sudden surge. In order to see details, we plot, in Fig.2(b) , the NLO and NNLO contributions in the DIS γ scheme. We see that the NLO contribution is large and negative for x > 0:8, while the NNLO contribution remains to be very small until very close to x = 1 and then blows up. The gluon distribution xG γ j DIS γ is predicted to be the same as xG γ j MS up to the NNLO.
Summary
The parton distributions in the virtual photon target are analyzed up to the NNLO in the MS and DIS γ factorization schemes. It is seen from Figs.1(a) and 2(a) that the DIS γ scheme gives a better behavior for xq γ S (x Q 2 P 2 ) than MS in the sense that the DIS γ curve is closer to the LO result. Finally, it is noted that the (LO+NLO+NNLO) curve for xq γ S (x Q 2 P 2 )j DIS γ shows a sudden surge at very close to x = 1. In fact, the NNLO contribution, q 
